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1 . (Currently Amended) A method of forming a memory cell comprising: 
providing a semiconductor substrate; 
forming a P well in said semiconductor substrate; 
forming an N well In said semiconductor substrate adjacent to said P well; 
forming an N type active region in said P well; 
forming a P type active region in said N well; 

forming an isolation region in said semiconductor substrate to isolate said N type 
active region from said P type active region: 

providing a polysiliride gate electrode structure composed of a polycrystalline 
silicon film and an overlying metal, metal silicide. or metal nitride film, wherein said 
polycrystalline silicon film comprises an N+ polysilicon layer over said N type active 
region and a P+ polysilicon layer over said P type active region; and 

forming an ultrathin odd** diffusion barrier layer In said polysilicide gate 
electrode structure over a portion of said polycrystalline silicon film between said 
polycrystalline silicon film and said metal, metal Silicide, or metal nitride film. 

2. (Original) A method of forming a memory cell comprising: 

providing a semiconductor substrate; 

forming a Pwdl in said semiconductor substrate; 

forming an N well in said semiconductor substrate; 

forming an NMOS transistor having an N type active region in said P well; 

forming a PMOS transistor having a P type active region in said N well; 

forming an isolation region In said semiconductor substrate to isolate said N type 
active region from said P type active region; 

providing a polysilicide gate electrode structure composed of a polycrystalline 
silicon film and an overlying metal, metal silicide. or metal nitride film, wherein said 
polycrystalline silicon film comprises an N+ polysilicon layer forming a portion of said 
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NMOS transistor and a P+ polysilicon layer forming a portion of said PMOS transistor; 
and 

forming an oxide diffusion barrier layer in said polysilicide gate electrode 
structure over a portion of said polycrystalline silicon film between said polycrystalline 
silicon film and said metal, metal silicide, or metal nitride film, 

3. (Original) A method of forming a memory cell comprising: 

providing a semiconductor substrate; 

forming a p well in said semiconductor substrate: 

forming an N well in said semiconductor substrate; 

forming an NMOS transistor having an N type active region in said P well; 

forming a PMOS transistor having a P type active region In said N well; 

forming an isolation region in said semiconductor substrate to isolate said N type 
active region from said P type active region; 

providing a polysilicide gate electrode structure composed of a polycrystalline 

silicon film and an overlying metal, metal silicide, or metal nitride film, wherein said 

polycrystalline silicon film comprises an N+ polysilicon layer forming a portion of said 

NMOS transistor and a P+ polysilicon layer forming a portion of said PMOS transiston 
and 

forming an oxide diffusion bam'er layer in said polysilicide gate electrode 
structure between said polycrystalline Silicon film and said metal, metal silicide, or 
metal nitride film, wherein said polysilicide gate electrode structure and said oxide 
diffusion barrier layer are arranged such that migration of P+ dopants from said P+ 
polysilicon layer lo said overlying metal, metal silicide, or metal nitride film is impeded 
by said diffusion barrier layer. 

4. (Original) A method of forming a memory cell comprising: 
providing a semiconductor substrate; 
forming a P well in said semiconductor substrate; 
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forming en |s| well in said semiconductor substrate; 

forming an NMOS transistor having en N type active region in said P well; 

forming a PMOS transistor having a P type active region in said N well; 

forming an isolation region in said semiconductor substrate to isolate said N type 
active region from said P type active region; 

providing a polysilicide gate electrode structure composed of a poiycrystalline 
Silicon film and an overlying metal, metal slllclde, or metaJ nitride film, wherein said 
poiycrystalline silicon film comprises en IMt polysilicon layer forming a portion of said 
NMOS transistor and a P+ polysilicon layer forming a portion of said PMOS transistor; 
and 

forming an oxide diffusion barrier layer formed in said polysilicide gate electrode 
structure over a substantial portion of said P+ polysilicon layer between said P+ 
polysilicon layer and said metal r metal silicide, or metal nitride film, wherein said oxide 
diffusion barrier layer does not extend over a portion of said N+ polysilicon layer. 

5. (Original) A method of forming a memory cell comprising: 

providing a semiconductor substrate: 

forming a P well in said semiconductor substrate; 

forming an N well In said semiconductor substrate; 

forming an NMOS transistor having an N type active region in said P well; 

forming a PMOS transistor having a P type adiv« region rn said N well; 

forming an isolation region in said semiconductor substrate to isolate said N type 
active region from said P type active region; 

providing a polysilicide gate electrode structure composed of a poiycrystalline 
silicon film and an overlying metal, metal silicide, or metal nitride film, wherein said 
poiycrystalline silicon film comprises an N+ polysilicon layer forming a portion of said 
NMOS transistor and a P+ polysilicon layer forming a portion of said PMOS transistor; 
and 

forming an oxide diffusion barrier layer formed in said polysilicide gate electrode 
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structure over a portion of said P+ polysilicon layer between said P+ polysilicon layer 
and said metal, metal silicide, or metal nitride film, wherein said oxide diffusion barrier 
layer is arranged such that said metal, metal silicide, or metal nitride film defines an N 
type common boundary with said N+ polysilicon layer that is larger than a P type 
common boundary defined by said metal, metal silicide, or metal nitride film and said 
p+ polysilicon layer. 

6. (Original) A method of forming 3 memory cell comprising: 

providing a semiconductor substrate; 

forming a P well in said semiconductor substrate; 

forming an N well in said semiconductor substrate; 

forming an NMOS transistor having an !M type active region jn said P well; 

forming a PMOS transistor having a P type active region in said N well; 

forming an isolation region in said semiconductor substrate to isolate said N type 
active region from said P type active region: 

providing a polysilicide gate electrode structure composed of a polycrystalline 
silicon film and an overiylng metal, metal silicide, or metal nitride film, wherein said 
polycrystelline silicon film comprises an N+ polysilicon layer forming a portion of said 
NMOS transistor and a P+ polysilicon layer forming a portion of said PMOS transistor; 
and 

forming an oxide diffusion barrier layer formed in said polysilicide gate electrode 
structure between said polycrystalline silicon film and said metal, metal silicide, or 
metal nitride film, wherein said polysilicide gate electrode structure and said diffusion 
barrier layer are arranged such that migration of N+ dopants from said N+ polysilicon 
layer to said overlying metal, metal silicide. or metal nitride film is impeded by said 
diffusion barrier layer. 

7. (Original) A method of forming a memory cell comprising: 
providing a semiconductor substrate: 
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forming a P well in said semiconductor substrate; 

forming an N well in said semiconductor substrate; 

forming an NMOS transistor having an N type active region in said P well; 

forming a PMOS transistor having a P type active region in said N well; 

forming an isolation region in said semiconductor substrate to Isolate said N type 
active region from said P type active region; 

providing a poiysilicide gate electrode structure composed of a polycryBtalline 
silicon film and an overlying metal, metal slliode, or metal nitride film, wherein said 
polycrystalline silicon film comprises an N+ polysilicon layer forming a portion of said 
NMOS transistor and a P+ polysilicon layer forming a portion of said PMOS transistor; 
and 

forming an oxide diffusion barrier layer formed in said poiysilicide gate electrode 
structure over a portion of said N+ polysilicon layer between said N+ polysilicon layer 
and said metal, metal siliclde, or metal nitride film, wherein said diffusion barrier layer 
does not extend over a portion of said P+ polysilicon layer. 

8. (Original) A method of forming a memory cell comprising: 

providing a semiconductor substrate; 

forming a P well in said semiconductor substrate; 

forming an N well In said semiconductor substrate; 

forming an NMOS transistor having an N type active region in said P well; 

faming a PMOS transistor having a P type active region in said N well; 

forming an isolation region in said semiconductor substrate to isolate said N type 
active region from said P type active region; 

providing a poiysilicide gate electrode structure composed of a polycrystalline 
silicon film and an overlying metal, metal silicide, or metal nitride film, wherein said 
polycrystalline silicon film comprises an N+ polysilicon layer forming a portion of said 
NMOS transistor and a P+ polysilicon layer forming a portion of said PMOS transistor; 
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and 

forming an oxide diffusion barrier layer formed in said polysilicide gate electrode 
strudure over a portion of said N+ polysilicon layer between said N+ polysilicon layer 
and said metal, metal silicide, or mfifeil nitride film, wherein said oxide diffusion barrier 
layer is arranged such that said metal, metal silicide. or metal nitride film defines a P 
type common boundary with said P+ polysilicon layer that Is larger than an N type 
common boundary defined by said metal, metal silicide, or metal nitride film and said 
N+ polysilicon layer. 

9. (Original) A method of forming a memory cell comprising: 

providing a semiconductor substrate; 

forming a P well in said semiconductor substrate; 

forming an N well In said semiconductor substrate; 

forming an NMOS transistor having an N type active region in said P well: 

forming a PMOS transistor having a P type active region in said N well; 

forming an isolation region in said semiconductor substrate to isolate said N typfi 
active region from said P type active region; 

providing a polysilicide gate electrode structure composed of a polycryatalline 
silicon film and an overlying metal, metal silicide, or metal nitride film, wherein said 
polycrystallrne silicon film comprises an IM+ polysilicon layer forming a portion of said 
NMOS transistor and a P+ polysilicon layer forming a portion of said PMOS transistor 
and 

forming an oxide diffusion barrier layer formed in said polysilicide gate electrode 
structure over said N+ polysilicon layer and said P+ polysilicon layer between said 
polycrystalllne silicon film and said metal, metal silicide, or metal nitride film, wherein 
said polysilicide gate electrode structure and said diffusion barrier layer are arranged 
such that 

migration of P+ dopants from said P+ polysilicon layer to said 
overlying metal, metal silicide, or metal nitride film Is Impeded by said 

Page 7 of 17 

PAGE 8/18 * RCVD AT 6/1/2005 1 :37:00 PM [Eastern DayDght Time] * SVR:USPTO-EFXRF-1/0 * DN1S:8729306 * CSID:9372230724 * DURATION (mm-ss):05-14 



06/01/2005 13:41 FAX 9372230724 



DINSMORE * SHOHL DAVTON 



1 009/018 



Applicant* Trivedl et ol. 

Serial No. 1fl/M9,0JH 

diffusion barrier layer and 

migration of N+ dopants from said N+ polyslllcon layer to said 
overlying metal, metal silicide. or metal nitride film is impeded by said 
diffusion barrier layer. 

1 0. (Original) A method of forming an SRAM memory cell comprising: 

providing a semiconductor substrate: 

forming a P well in said semiconductor substrate; 

forming an N well in said semiconductor substrate; 

forming a flip-flop having two access transistors and a pair of cross coupled 
inverters, wherein each pair of cross-coupled inverters indudes a pull up transistor and 
a pull down transistor, and wherein said pull-up transistor defines a P type active 
region In said N well and said pull-down transistor defines an N type active region In 
said P well; 

forming an Isolation region in said semiconductor substrate to isolate said N type 
active region from said P type active region; 

providing a polysilicide gate electrode structure composed of a polycrystalline 
silicon film and an overlying metal, metal sillclde, or metal nitride film, wherein said 
polycrystalline silicon film comprises an N+ polysilicon layer forming a portion of said 
pull-down transistor and a p+ polyslllcon layer forming a portion of said pull-up 
transistor; and 

forming an oxide diffusion barrier layer In said polysilicide gate eledmde 
structure between said polycrystalline silicon film and said metal r metal sillclde, or 
metal nitride film over a portion of said polycrystalline silicon film. 

1 1 . (Original) A method of forming an SRAM memory cell comprising: 
providing a semiconductor substrate; 
forming a P well in said semiconductor substrate; 
forming an N well in said semiconductor substrate; 
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forming a flip-flop having two access transistors and a pair of cross coupled 
inverters, wherein each pair of cross-coupled inverters includes a pull up transistor and 
a pull down transistor, and wherein said pull-up transistor defines a P type active 
region in said N well and said pull-down transistor defines en N type active region In 
said P well; 

forming an isolation region in said semiconductor substrate to isolate said N type 
active region from said P type active region; 

providing a polyslllclde gat© electrode structure composed of a polycrystalllne 
silicon film having a thickness of between about 500 A and about 4000 A and an 
overlying metal, metal sillclde, or metal nitride film having a thickness of between about 
500 A and 4000 A, wherein said polycrystalline silicon film comprises an N+ polysilicon 
layer forming a portion of said pull-down transistor and a P+ polysilicon layer forming a 
portion of said pull-up transistor; and 

forming an oxide diffusion barrier layer having a thickness of between about 3 A 
and about 125 A formed in said polysilicidB gate electrode structure between said 
•polycrystalllne silicon film and said metal, metal silicide. or metal nitride film over a 
portion of said polycrystelline silicon film. 

12. (Original) A method of forming an SRAM memory cell comprising: 

providing a semiconductor substrate; 

forming a P well in said semiconductor substrate; 

forming an N well in said semiconductor substrate; 

forming a flip-flop having two access transistors and a pair of cross coupled 
inverters, wherein each pair of cross-coupled inverters includes a pull up transistor and 
a pull down transistor, and wherein said pull-up transistor defines a P type active 
region In said N wall and said pull-down transistor defines an N type active region in 
3aidPwell; 

forming an Isolation region in said semiconductor substrate to Isolate said N type 
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active region from said P type active region; 

providing a poiysilicide gate electrode structure composed of a polycrystalline 
silicon film and an overlying metal, metal silicide. or metal nitride film, wherein said 
polycrystalline silicon film comprises an N+ polysilicon layer forming a portion of said 
pull-down transistor and a P+ polysilicon layer forming a portion of said pull-up 
transistor: end 

forming an oxide diffusion barrier layer formed in said poiysilicide gate electrode 
structure between said polycrystalline silicon film and said metal, metal silicide, or 
metal nitride film over a portion of said N+ polysilicon layer and said P+ polysilicon 
layer. 

13. (Original) A method of forming an SRAM memory cell comprising: 

providing a semiconductor substrate; 

forming a P well in said semiconductor substrate; 

forming an N well in said semiconductor substrate; 

forming a flip-flop having two access transistors and a pair of cross coupled 
inverters, wherein each pair of cross-coupled inverter* includes a pull up transistor and 
a pull down transistor, and wherein said pull-up transistor defines a P type active 
region In said N well and said pull-down transistor defines an N type active region in 
said Pwell; 

forming an isolation region in said semiconductor substrate lo Isolate said N type 
active region from said P type active region; 

providing a poiysilicide gete electrode structure composed of a polycrystalline 
Silicon film and an overlying metal, metal silicide. or metal nitride film, wherein said 
polycrystalline silicon film comprises an N+ polysilicon layer forrrtng a portion of said 
pull-down transistor and a P+ polysilicon layer forming a portion of said pull-up 
transistor; and 

forming an oxide diffusion barrier layer formed in said poiysilicide gate electrode 
Structure between said polycrystalline silicon film and said metal, metal silicide, or 
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metal nitride film, wherein said polysilicide gate electrode structure and said diffusion 
barrier layer are arranged such that migration of P+ dopants from said P+ polysilicon 
layer to said overlying metal, metal eillcide, or metal nitride film is impeded by said 
diffusion barrier layer. 



14. (Original) A method of forming an SRAM memory cell comprising: 

providing a semiconductor substrate; 

forming a P well in said semiconductor substrate; 

farming an N well in said semiconductor substrate: 

forming a flip-flop having two access transistors and a pair of cross coupled 
inverters, wherein each pair of cross-coupled inverters includes a pull up transistor and 
a pull down transistor, and wherein said pulUup transistor defines a P type active 
region in said N well and said pull-down transistor defines an N type active region In 
said P well; 

forming an Isolation region in said semiconductor substrate to Isolate said N type 
active region from said P type active region; 

providing a polysilicide gate electrode structure composed of a polycrystaillne 
silicon film and an overlying metal, metal slllclde, or metal nitride film, wherein said 
polycrystaillne silicon film comprises an N+ polysilicon layer forming a portion of said 
pull-down transistor and a P+ polysilicon layer forming a portion of said pull-up 
transistor; and 

forming an oxide diffusion barrier layer in said polysilicide gate electrode 
structure between said polycrystalline silicon film and said metal, metal slllclde, or 
metal nitride film, wherein said polysilicide gate electrode Structure and said diffusion 
barrier layer are arranged such that migration of N+ dopants from said N+ polysilicon 
layer to said overlying metal, metal silidde, or metal nitride film is impeded by said 
diffusion barrier layer. 
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15. (Original) A method of forming a memory cell array comprising a plurality of SRAM 
cells arranged in rows and columns, wherein each cell of said array is connected to a 
word line and to a pair of bit lines, said method comprising: 

providing a semiconductor substrate; 

forming a P well in said semiconductor substrate; 

forming an N well In said semiconductor substrate; 

forming a flip-flop having two access transistors and a pair of cross coupled 
inverters, wherein each pair of cross-coupled inverters includes a pull up transistor and 
a pull down transistor, and wherein said pull-up transistor defines a P type active 
region in said N well and said pull-down transistor defines an N type active region In 
said P well; 

forming an isolation region In said semiconductor subs! rate to isolate said N type 
active region from said P type active region; 

providing a polyslllcide gate electrode structure composed of a polycrystalline 
silicon film and an overlying metal, metal sillclde, or metal nitride film, wherein said 
polycrystalline silicon film comprises an N+ polysiliccn layer forming a portion of said 
pull-down transistor and a P+ polysilicon layer forming a portion of said pull-up 
transistor; and 

forming an oxide diffusion barrier layer formed in said polyeilicide gale electrode 
structure between said polycrystalline silicon film and said metal, metal sillclde, or 
metal nitride film over a portion of said polycrystalline silicon film. 

16. (Cancel) 

1 7. (Currently Amended) A method of fabricating an SRAM memory cell, said method 
comprising: 

providing a semiconductor substrate; 

forming a P well in said semiconductor substrate; 
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forming an N well in said semiconductor substrate; 

forming a P type active region of a pull-up transistor in said N well; 

forming a gate oxide layer and a conductive gate of said pull-up transistor over 
said P type active region; 

forming an N type active region of a pull-down transistor in said P welf; 

forming a gate oxide layer and a conductive gate of said pull-down transistor 
over said N type active region; 

forming an isolation region between said N type active region and said P type 
active region: 

forming a polycrystalline silicon film over said pull-down transistor and said pull- 
up transistor; 

doping sefectlvely said polycrystalline silicon film to form an N+ polyslllcon layer 
over said pu))-dawn transistor and a P+ polysilicon layer over said pull-up transistor; | 

forming a diffusion barrier layer over a substantial portion of said polycrystalline 
silicon film, wherein said diffusion barrier lay^r is formed bv selective chemical 
oxidation of said polycrystalline silicon ff| m- and 

forming a metal, metal slllclde, or metal nitride film over said doped 
polycrystalline silicon film and said diffusion barrier layer. 

18-21. (Cancel) 

22. (Currently Amended) The method as claimed in claim 13+ wherein said ultrathin 
22Side_diffusion barrier layer has a thickness of less than 125 A. 

23. (Currently Amended) The method as claimed in deim 1£+ wherein said ultrathm 
oxl!e_diffij3ion barrier layer has h thickness of between about 10 A and about 15 A. 

24. (Currently Amended) The method as claimed (n claim 124 wherein said ultrathin | 
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c*idedHfuslon barrier layer has a thickness of between about 3 A and about 125 A. | 

25. (Currently Amended) The method as claimed in claim 124- wherein said ultrathin 
o)fldg_diffbsion harrier layer has a thickness of between about 3 A and about 50 A. 

26. (Currently Amended) The method as claimed in claim 1& wherein said ultrathin 
p)dde_dlffusion barrier layer has a thickness of between about 3 A and about 125 A and 
seid polycrystalline silicon film n as a thickness of between about 500 A and about 
4000 A. 

27. (Original) The method as claimed in claim 5 wherein metal, metal silicide, or metal 
nitride film form defines an overcoated portion of said P+ polysilicon layer and wherein 
said diffusion barrier layer is formed in said polysilicide gate electrode structure 
between said metal, metal slllclde, or metal nitride film and said P+ polysilicon layer 
over the entire extent of said overcoated portion of said P+ polysilicon layer. 

28. (Original) The method as claimed in claim 8 wherein metal, metal silicide. or metal 
nitride film form defines an overcoated portion of said N+ polysilicon layer and wherein 
said diffusion barrier layer is formed in said polysilicide gate electrode structure 
between said metal, metal silicide, or metal nitride film and said N+ polysilicon layer 
over the entire extent of said overrated portion of said N+ polysilicon layer. 

29-30. (Cancel) 

31 . (Original) A method of forming a gate electrode structure for a semiconductive 
device having N type and Ptype active regions, said method comprising: 

forming o film having an N+ polysilicon layer over the N type active region and a 
P+ polysilicon layer over the P type active region; 
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forming an oxide layer over a portion of said film; and 

providing a metal, metal silictde, or metal nitride film on said film and said oxide 

layer. 

32. (Original) The method as claimed by claim 31 wherein said oxide layer is formed 
over said N+ and P+ polysilicon layers. 

33. (Original) The method as claimed by claim 31 wherein said oxide layer is formed 
over said N+ polysilicon layer. 

34. (Original) The method as claimed by claim 31 wherein said oxide layer is formed 
over said P+ polysilicon layers. 

35. (Original) The method as claimed by claim 31 wherein said N+ polysilicon layer 
forms a portion of a pull-down transistor and said P+ polysilicon layer forms a portion of 
a pull-up transistor, and said oxide layer is formed over said N+ and P+ polysilicon 
layers. 

36. (Original) The method as claimed by claim 31 wherein said N+ polysilicon layer 
forms a portion of a pull-down transistor, and said oxide layer is formed over said N+ 
polysilicon layer. 

37. (Original) The method as claimed by claim 31 wherein said P+ polysilicon layer 
forms a portion of a pull-up transistor, and said oxide layer is formed over said P+ 
polysilicon layer. 

38. (Original) The method as daimed by claim 31 wherein said oxide layer h silicon 
dioxide. 
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39. (Original) The method as claimed by claim 31 wherein said oxide layer has a 
thickness under 125 A, 

40. (Original) A method of forming a memory cell comprising: 

providing a semiconductor substrate; 

forming a P well in said semiconductor substrate; 

forming a N well in said semiconductor substrate adjacent to said P well; 

forming a N type active region in said P well: 

forming a P type active region in said N well; 

forming an isolation region arranged to isolate said N type active region from 
said P type active region; and 

forming a gate electrode structure having a film with an N+ polyslllcon layer over 
said N type active region and a P+ polysilicon layer over said P type active region, an 
oxide layer formed over a portion of said film, and a metal, metal silicide, or metal 
nitride film overlaying said film and said oxide layer. 
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